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Hybrid morphology radio sources from the FIRST survey 
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Abstract. The so-called HYbrid MOrphology Radio Sources (HYMORS) are a class of objects that appear to have a mixed 
Fanaroff-Riley (FR) morphology in a single object; i.e. a HYMORS has an FRI-type lobe on one side of its nucleus and an 
FRII-type lobe on the other side. Because of this unique feature and given that the origin of the FR morphological dichotomy 
is still unclear, HYMORS may possibly play a crucial role in our understanding of the FR-dichotomy. As the number of known 
HYMORS is quite small, we aimed to increase that number by inspecting a few areas of the sky covered by the VLA FIRST 
survey and by selecting 21 HYMORS candidates based on the morphology shown in the FIRST images. They were observed 
with the VLA in B-conf. at 4.9 GHz. Three objects from the initial sample turned out to be actual HYMORS and two others 
very likely to fulfill the criteria. These fi ve were s ubseque ntly re-obse rved with the VLA in A-conf. at 1.4 GHz. Our results 
provide strong support to the findings of lGopal-Krishna & Wiital l2000l) . namely that there are two different kinds of jets in 
HYMORS; consequently, the existence of FR-dichotomy as a whole is difficult to reconcile with the class of explanations that 
posit fundamental differences in the central engine. 
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1. Introduction 



Fana roff & RilevNl974 have shown that there are two distinct 
morphological classes of double radio galaxies and that there 
is a relatively sharp transition across a critical radio luminosity 
Li, corresponding to L\-i%mhz 



5x10 24 /i~ 2 WHz"' sr- 1 . 



Most 



sources below this luminosity threshold belong to the FR I class 
of radio galaxies. FRI structure consists of diffuse radio lobes 
that have their brightest regions within the inner parts of the 
radio source. The cores are usually prominent in FRI sources 
and they often show bent jets; in these cases FR I objects can be 
labelled the Wide Angle Tail, Narrow Angle Tail, and head-tail 
sources. More powerful FRII-type double sources have their 
hotspots at the outer edges of the two radio lobes, and typically 
only one jet is clearly detectable. The cores of these sources 
are weak or hardly observable. There is strong evidence that 
FR I and FR II sources undergo different cosmological evolu- 
tion dWallLll980l) : i.e. the density and/or luminosity evolution 
rate of FR II-type is high, while that of FR I appears to be low. 
It is to be noted that L* is found to be near a transition in the 
prop erties of nuclear optical emission lines faine & Lon gair. 
Il979i) . 

The origin of FR I/FR II-dichotomy is much debated in 
the astrophysics of extragalactic radio sources. There are three 
main ways of interpreting it: 



morphological differences are related to the transition of 
an initially supersonic but relatively weak jet to a trans- 
sonic/subsonic flow substantially decelerated by thermal 
plasma within th e inner (~1 kpc) region of the host giant 
elliptical galaxy jKomissarovlll994| Bowman et all ! 1996: 
lBicknelifl995tlKaiser & Alexandeilll997l) : 
there are more fundamental differences between the two 
classes, involving the nature of the central black hole and 
the composition of jets, i.e. <?~ -<? + plasma for FRI sources, 
while e~ - p could be preferred in the case of FRII 



sources ((Reynolds et al.| 


1996al Revnolds. et all 


1996b; 


Meier et allll997llMeier. 


1999;ICelotti. et all 1 1997 


); 



the differences in the jet power/thrust which, to- 
gether with the properties of circumgalactic medium, 
would de termine how soon the jets' collimati on is 
disrupted JGopal-Krishna & Wiital Il988l iGopal-Krishnal 
1 1 99 A iGopal-Krishna et all 1 1 9961) . 
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IGopal-Krishna & Wiital ( 120001) - hereafter G-KW - have 
introduced a new group of double radio sources called HYbrid 
MOrphology Radio Sources (HYMORS), where the two lobes 
exhibit clearly different FR morphological types. They argue 
that HYMORS could be used to constrain the theoretical mod- 
els proposed for the FR-dichotomy, namely, that the existence 
of HYMORS supports the interpretation based upon jet inter- 
action with the external medium or - at least - that the mod- 
els based upon the differences in the nature of central massive 
black holes or jet compositions do not seem to be viable, since 
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Table 1. Positions of the centres of subareas searched for 
HYMORS 





Position of the centre(J2000) 


Subarea 


R.A. 


Dec. 


1 


10 h 00 m 


15°00' 


2 


10 h 30 m 


30°00' 


3 


ll h 00 m 


45°00' 


4 


12 h 30 m 


50° 00' 


5 


13 h 30 m 


35°00' 



it is difficult to assume a physical process in which the same 
central engine could produce two different types of jets. 

The six HYMORS in the sample established by G-KW 
were selected as a result of a literature search. Thus, their sam- 
ple is not homogeneous in many respects. To circumvent this 
problem, a programme to find HYMORS candidates in one 
comprehensive survey using a single selection procedure was 
undertaken. This procedure, the observations, and the data re- 
duction process are described in Sect. [2 The properties of three 
sources that eventually turned out to fulfill the criteria of the 
HYMORS class and two others that are likely to fall into this 
category are covered in Sect.[3]and further discussed in Sect.0] 

2. Sample selection, observations, and data 
reduction 

The high sensitivity and the resolution of the VLA Faint 
Ima ges of the Radio Sk y at Twenty-centimeters (FIRST) sur- 
vey JWhite et all 11997V offers a unique possibility of study- 
ing the morphologies of a large number of moderately weak 
radio galaxies, so it is also a suitable database for pursuing 
the search for HYMORS. A high galactic latitude area lim- 
ited by RA=< - 14'' > and Dec=< 15° - 50° > was in- 
spected with the aim of finding sources that might belong to 
the HYMORS class. Our survey did not completely cover the 
area indicated above, but instead five subareas randomly lo- 
cated inside that region were chosen. Each subarea has a radius 
of 8°20'(30000")- The positions of the centres of these subar- 
eas are given in Tabled 

As a first step, all sources with flux densities F i.4ghz ^ 
20mJy and angular size 9 > 8" were selected. Those val- 
ues were chosen because we preferred to search for relatively 
bright extended sources. Maps of more than 1700 sources ex- 
tracted from FIRST were inspected visually and the candidates 
selected. As a result, a sample consisting of 21 sources that 
appear to be HYMORS-like in the FIRST images was estab- 
lished. 

This initial candidate sample was observed on 1 1 Nov. 2003 
with the VLA in B-conf. at 4.9 GHz, which yields a resolution 
of ~1'.'4. Each programme source was observed for 5.5 min. 
3C286 was used as a flux density calibrator, and sources se- 
lected from the List of the VLA calibrators nearby to target 
objects were used as their respective phase calibrators. The 
sources were grouped into a few subsamples according the 



positions of the targets on the sky, and one phase calibrator 
was used for each subsample. The data were reduced using the 
AIPS package. After the initial amplitude calibration, a few cy- 
cles of self-calibration were applied. For brighter sources, the 
amplitude self-calibration was also carried out. The corrected 
data were further processed using IMAGR. 

As a result of a careful inspection of 21 VLA 4.9-GHz im- 
ages, 16 sources were rejected. The reasons for this are de- 
scribed in Appendix A. The most common reason is the lack 
of a well-defined component that terminates the FR II lobe and 
as such could be responsible for the edge brightening. In many 
such cases the lobes are generally diffuse and weak. Optionally, 
sources of this kind can be featured by a (relatively) strong 
core. If this is the case, the ob ject is likely to hav e under- 
gone re-ignition of the activity dMarecki et all Eo05l) . On the 
other hand, the lack of a dominating core, together with a 
"fuzzy" shape of the lobes, is a good signature of the cessa- 
tion of activity. Sources possessing these features are some- 
times termed "faders" and, although relatively rare, have been 
observed mostly in surveys of ultra-steep spectrum sources 
dRottgering et all Il994l foe Breuck etafl l2000t ICohen et all 
2004J). Six sources out of 16 rejects seem to be faders, and 
four others are likely to be restarted. As the images of these 
rejected sources might be considered interesting per se, we in- 
clude them as Fig. A.l. 

The remaining 5 out of 21 sources observed at 4.9 GHz us- 
ing the VLA appeared to be HYMORS according to the same 
criteria as those adopted by G-KW. The follow-up observations 
of these objects were carried out with the VLA in A-conf. at 
1 .4 GHz on 20 and 21 Sep. 2004. Again, 3C286 was used as the 
flux density calibrator, and programme sources were grouped 
so that a single phase calibrator could be used for each group. 
Each target source was observed for ~30min. divided into six 
~5-min. scans. 

The basic parameters of the new HYMORS are given in 
Tabled and the final images shown in Figs.[0to[5] For com- 
parison, their respective FIRST images are also included. The 
positions listed in Table [2] are those of the core components 
as seen in the 4.9-GHz VLA maps fitted using AIPS task 
JMFIT. JMFIT was also used to measure the flux densities 
of the other main components, and these measurements are 
shown in Tabled For three sources (Jl 154+513, J1206+503 
and J13 13+507), spectral index maps were obtained from the 
two-frequency VLA images convolved with a common circu- 
lar Gaussian beam (1'.'75 x l'/75) and are shown in Figs.nto|3] 
As all five sources investigated here are included in the Release 
4 of the Sloan Digital Sky Survey (SDSS/DR4) 2 , their SDSS 
objID's are listed in Table|2(column 2). 

3. Notes on individual sources 

J1154+513 (Fig. In the FIRST image, this object (also 
known as 4C +5 1 .28) appears as a triple. There is a hint that 
the south-eastern component, together with the central feature 
could form an unresolved FRI jet. This conjecture was fully 
confirmed by our VLA observations at 4.9 GHz and 1 .4 GHz. 



Official website: http://sundog.stsci.edu 



2 The up-to-date version at the time of writing. 
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Table 2. The newly discovered HYMORS. Positions are those of the core components. 
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Flux density [mJy] 



Source 


SDSS 




R.A. 


Dec 






1.4 GHz 




4.9 GHz 


name 


objID 




(J2000) 




FIRST 


NVSS 


this paper 


GB6 


this paper 


J1154+513 


587732134310838583 


11 


53 46.43 


+51 17 


04.1 


495 


483 


490 


137 


131 


J1206+503 


587732483822518553 


12 


06 22.39 


+50 17 


44.3 


241 


170 


265 


75 


88 


J1313+507 


588018054571360837 


13 


13 25.78 


+50 42 


06.2 


277 


252 


230 


84 


86 


J1315+516 


588018055645102348 


13 


14 38.12 


+51 34 


13.4 


93 


144 


48 


51 


41 


J1348+286 


587739721369255946 


13 


47 51.58 


+28 36 


29.6 


241 






117 


105 





Fig. 1. VLA maps of J1154+513. Upper left: VLA in A-conf. at 1 .4 GHz. Upper right: VLA in B-conf. at 4.9 GHz. The position 
of the optical object extracted from SDSS is marked with a cross. Lower left: FIRST map. Lower right: Spectral index map 
obtained from the two-frequency VLA images shown in the upper panels. 
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J1206+503 1400.0 MHz J1206+503 4885.1 MHz 




12 06 26 25 24 23 22 21 20 19 12 06 26 25 24 23 22 21 20 19 

RIGHT ASCENSION (J2000) RIGHT ASCENSION (J2000) 

peak flux density = 75.2 mJy/beam, beam=1.38 x 1.16 arcsec peak flux density = 32.5 mjy/beam, beam=1 .36 x 1.17 arcsec 

countour levels = 0.25 mjy x (-1, 1, 2, 4, 8, 16, 32, 64, 128) countour levels = 0.13 mjy x (-1, 1, 2, 4, 8, 16, 32, 64, 128) 




Fig. 2. VLA maps of J1206+503. Upper left: VLA in A-conf. at 1 .4 GHz. Upper right: VLA in B-conf. at 4.9 GHz. The position 
of the optical object extracted from SDSS is marked with a cross. Lower left: FIRST map. Lower right: Spectral index map 
obtained from the two-frequency VLA images shown in the upper panels. 



According to the images resulting from them, it is evident that 
the south-eastern part of the source has a classical FR I struc- 
ture with flat spectrum (a = -0.25) 3 bright core "C" and a 
prominent hotspot "El" placed inside the jet. On the other 
hand, the north-western part is a typical FR II lobe ("W2") with 
a hotspot ("Wl"). The "E2" component has a steeper spectrum 
(a = -1.45) than El (a = -1.05). Steepening of the spec- 
trum with the increasing distance from the core is a well-known 
featur e of FRI radio galaxies (see e.g. lKatz-Stone & Rudnickl 
119971) . The north-western lobe has a structure that is typical 



3 Throughout this paper a is defined as: 5 oc V" . 



for FRII-type l obes wi th flattening of spectrum toward the 
hotspot (see e.g. iLeahv etall ll989). Therefore, both the mor- 
phology, as seen in the total intensity maps, and the spectral 
index map fully confirm a hypothesis that there are two differ- 
ent types of jets present in one object. It is also to be noted 
that there is a connection (bridge) between the northern FR II- 
type lobe and the core "C" clearly visible at 1.4 GHz. Given 
that it is not present in the 4.9-GHz image, the bridge must 
have a very steep spect rum. This remains in full agreement 
with Lea hy et alJ Jl989l) leaving no room for doubt that the 
two parts of the source as seen in the 4.9-GHz VLA image 
are not a coincidence. Our measurements of the flux densities 
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spectral index map of J1313+507 

J1313+507FIRST 1400.0 MHz -1.5 -1.0 -0.5 




countour levels = 0.45 mjy x (-1, 1, 2, 4, 8, 16, 32, 64, 128) RIGHT ASCENSION (J2000) 



Fig. 3. VLA maps of J1313+507. Upper left: VLA in A-conf. at 1 .4 GHz. Upper right: VLA in B-conf. at 4.9 GHz. The position 
of the optical object extracted from SDSS is marked with a cross. Lower left: FIRST map. Lower right: Spectral index map 
obtained from the two-frequency VLA images shown in the upper panels. 



are in a very good agreement with GB6 (4.85 GHz) and NVSS 
(1.4 GHz) catalogues. This source is very similar to 1004+130 
and 4C -03.64, both presented in G-KW, and as such is a per- 
fect example of a HYMORS. 

The J 1154+513 radio source has an optical counterpart in 
SDSS/DR4, a galaxy with m R = 21.46. There is a hint of ir- 
regularity in the shape of the host galaxy. The redshift of this 
object is unknown at present. 

J1206+503 (Fig. 0. In the FIRST image this source has 
two main components. The south-eastern one is an FRII-type 
lobe, whereas the north-western part of source has a barely re- 



solved core-jet structure. The images resulting from our VLA 
follow-up observations confirm this. The north-western part 
consists of three conspicuous features, a flat spectrum core 
("C") and the jet with two brighter knots ("Wl" and "W2") and 
a diffuse "plume" ("W3"), which together make a clear case for 
a FRI-type jet, whereas the eastern lobe ("E2") with a hotspot 
("El") is an FRII-type lobe specimen. Thus, the morphology 
of J 1206+503 is fully consistent with a HYMORS class defi- 
nition. As in the case of Jl 154+513, the spectral index map of 
J1206+503 confirms that there are two different types of radio 
jets. 
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39 38 37 36 35 
RIGHT ASCENSION (J2000) 
peak flux density = 8.2 mjy/beam, beam=1.70 x 1.57 arcsec 
countour levels = 0.47 mjy x (-1, 1, 2, 4, 8, 16, 32, 64, 128) 




40 39 38 37 36 35 
RIGHT ASCENSION (J2000) 
peak flux density = 15.5 mjy/beam, beam=1 .38 x 1.16 arcsec 
countour levels = 0.15 mjy x (-1, 1, 2, 4, 8, 16, 32, 64, 128) 



J1315+516FIRST 



Till 


I I I I 
\^ - 


- u 

o 

H 1 I I I 


l"*-f I 



41 



40 



35 



39 38 37 36 
RIGHT ASCENSION (J2000) 
peak flux density = 1 1 .5 mjy/beam, beam=5.4 x 5.4 arcsec 
countour levels = 0.52 mjy x (-1, 1, 2, 4, 8, 16, 32, 64, 128) 



Fig. 4. VLA maps of J1315+516. Upper left: VLA in A-conf. at 1 .4 GHz. Upper right: VLA in B-conf. at 4.9 GHz. The position 
of the optical object extracted from SDSS is marked with a cross. Lower: FIRST map. 



This source has an m« = 20.86 optical counterpart in 
SDSS/DR4. The host galaxy seems to be irregular and has 
two close companion galaxies: SDSS J120622. 11+501740.9 
(m R = 22.66) and SDSS J 12062 1.94+50 1743 .2 (m R = 21.21) 
located 4'.'3 and 4'.'6 off the position of the optical object identi- 
fied with the core of the HYMORS, respectively. The redshifts 
of all three objects are not known at present. 

J1313+507 (Fig. [3}. This source consists of four main com- 
ponents in the FIRST image. A well-developed north-eastern 
FRII structure, a putative core with an optical counterpart - 
m.R = 20.90 in SDSS/DR4 - and a south-western structure that 
could be an unresolved FR I jet. Our new VLA images con- 



firm that the latter is actually FRI-type. With the "El" compo- 
nent being the hotspot of an FR II-type lobe and "W2" FR I- 
type plume, Jl 3 13+507 is - again - a very good example of 
a HYMORS, quite similar to 4C -03.64 (G-KW). The redshift 
of this object is unknown at present. 

J1315+516 (Fig. @}. The FIRST image strongly suggests 
that this source has a HYMORS morphology. In the 4.9- 
GHz image, the eastern (apparently FRI) jet is not reproduced 
well, which means it has a diffuse structure without any well- 
localised features except the region denoted as "El". The west- 
ern part consists of a hotspot ("Wl") inside a well-defined 
FR Il-like lobe. Given that a substantial amount of flux is miss- 
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Fig. 5. VLA maps of J1348+286. Left: VLA in B-conf. at 4.9 GHz. The position of the optical object extracted from SDSS is 
marked with a cross. Right: FIRST map. 



ing when observing the source at 1 .4 GHz in B-conf. (FIRST) 
and A-conf. (our observations), a significant diffuse component 
must exist that is not reproduced in either our 1 .4-GHz image 
or the FIRST map. Also, the weak radio structures in this ob- 
ject do not allow a good map of the spectral index to be made. 
The fact that the source is strongly core-dominated, whereas 
the lobes are very diffuse, is an indication that it could be a 
restarted source - see Sect.0]for further discussion. 

The core of J1315+516 has an optical counterpart 
of m R = 19.77, and there are two close companion 
galaxies: SDSS J13 1437.79+5 13410.6 {m R = 22.76) and 
SDSSJ131437.10+513408.1 (m R = 20.70) located 4/1 and 
1078 off the position of the optical object identified with the 
core of the HYMORS. The redshifts of all these three objects 
are not known at present. 

J1348+286 (Fig. The structure of this object is some- 
what similar to that of J1315+516: a hotspot of the FRII-like 
lobe ("Wl"), and a fuzzy, possible FR I jet ("El") can be recog- 
nised. Due to the bad quality of the observational data, it was 
not possible to make a good VLA image of this source at 
1.4 GHz, so the FRI nature of the "El" structure is not cer- 
tain, and this is the least convincing HYMORS among the five 
shown here. 

J1348+286 is associated with an X-ray object 
RXJ1347.7+2836. According to SDSS/DR4 th is object is a 
QSO (m R = 17.27) at the redshift of z = 0.7407 JMufioz et all 
120031) . (A m R = 14.5 field star is within 277 the QSO.) This is 
the farthest HYMORS known up to date. At this redshift and 
given that the total flux of the source extracted from FIRST 
is 241 mJy, the logarithm of the monochromatic luminosity 
at 1.4GHz amounts to 26.5, assuming //o=75kms~ 1 Mpc~' 
and go = 0.5 in accordance with the data in Table 1 in G-KW. 
It looks, therefore, that this distant HYMORS is an order of 



Table 3. The flux densities and spectral index of main compo- 
nents 



Source 


Com- 


Flux density [mJy] 


Spectral 




ponent 


1.4 GHz 


4.9 GHz 


index 


J1154+513 


C 


33.4 


24.7 


-0.25 




El 


107.5 


29.3 


-1.05 




E2 


54.0 


9.1 


-1.45 




Wl 


100.9 


22.0 


-1.24 




W2 


99.4 


18.6 


-1.36 


J1206+503 


C 


4.5 


5.8 


0.21 




El 


52.1 


15.5 


-0.99 




E2 


30.9 


4.6 


-1.54 




Wl 


105.9 


45.9 


-0.68 




W2 


26.5 


5.2 


-1.32 




W3 


9.4 


1.4 


-1.56 


J1313+507 


C 


7.0 


6.1 


-0.11 




El 


69.8 


30.8 


-0.66 




E2 


58.0 


15.3 


-1.08 




Wl 


17.9 


6.7 


-0.80 


J1315+516 


C 


16.0 


13.1 


0.09 




El 


3.1 


21.7 


-0.55 




Wl 


3.6 


19.9 


-0.58 


J1348+286 


C 




44.7 






El 




8.7 






Wl 




24.7 





magnitude more powerful than the nearby ones examined by 
G-KW (logL s = 25.4 for three of them), although it must be 
borne in mind that for 1004+130 log L R - 26.3, which is quite 
close to the respective value for J1348+286. 
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4. Discussion 

HYMORS could serve as a discriminator between a range of 
theories used to explain the origin of the FR-dichotomy. As 
pointed out by G-KW, the existence of HYMORS does not 
favour the models based upon fundamental differences between 
the central engines, such as black hole spin or jet composi- 
tion. It seems that in the case of HYMORS some type of jet- 
medium interaction on the scale of kiloparsecs may play a cru- 
cial role and has a significant impact on the FR-dichotomy. 
Thus, if it is assumed that the properties of the intracluster or 
intergalactic medium are an important factor in the evolution 
of radio sources, then the phenomenon of HYMORS might 
be explained. It is likely that, during the evolution of a clus- 
ter of galaxies, there are many interactions between the mem- 
bers of the cluster. If the interactions are very frequent and 
strong, it may be expected that the properties of the intraclus- 
ter medium (density, temperature, pressure) in the cluster could 
vary in time and space. Assuming that there is a difference of 
the properties in the medium between the opposite sides of a 
host galaxy, a HYMORS might emerge even if the jets are iden- 
tical when launched fro m the central engine. A recent study by 
ICao & Rawlinesl §004) also provides support for the hypoth- 
esis that there is no fundamental difference between FR I and 
FRII engines. 

It is to be noted that three sources out of the five investi- 
gated in detail - Jl 154+513, J1206+503 and J1313+507 - are 
not core-dominated (see Table and their structures are im- 
aged very well using the VLA with 1'.'4 resolution, whereas the 
remaining two — J 1 3 15+5 16 and J 1 348+286 - are clearly core- 
dominated, but their jets, particularly those at the "FR I side", 
are fuzzy and not reproduced well in our maps, as substantial 
amounts of the flux are missing. We suggest that these two ob- 
jects, apart from being likely examples of HYMORS, can also 
be labeled as "core-dominated triples". Radio sources of this 
sort extracted from FI RST in a systematic manner have been 
investigated by Marecki et alJ d2005f) . They claim that such ob- 
jects are restarted and that the dominance of their cores is a di- 
rect consequence of being re-oriented in the course of a merger 
event. As a result of this, they are now more beamed towards 
the observers whereas the lobes are not fuelled any longer, so 
they have entered the so-called "coasting" phase of their evo- 
lution. However, if these two are not restarted sources, then 
the core prominence would imply that both lobes are greatly 
foreshortened by projection, in which case the apparent FRI 
structure could be an FR II-type lobe seen nearly head-on. 

5. Summary 

The main objective of this work was to expand the number of 
known HYMORS by means of a systematic study of images 
resulting from a high sensitivity radio sky survey. A sample 
of more than 1700 sources from the FIRST catalogue was ex- 
amined and 21 candidates selected. After re-observation with 
the VLA in B-conf. at 4.9 GHz, three sources turned out to be 
certain HYMORS and two others are very likely to fall into 
this rare category. Our "success rate" therefore is somewhat 
lower than that of G-KW, as they found 6 HYMORS among 



the somewhat more than 1000 objects they examined from a 
search of the literature. It must be stressed, however, that in 
the case of the FIRST catalogue, the resolution of the images 
is often worse than those in the images selected by G-KW. 
As a result we might well have rejected some true HYMORS 
during the initial selection process. Follow-up VLA observa- 
tions in A-conf . at 1 .4 GHz provided a confirmation that those 
three objects labelled as HYMORS based upon the inspection 
of 4.9-GHz images indeed fulfill the criteria of this class. They 
also made the preparation of spectral index maps possible. The 
spectral index gradients additionally support the identifications 
of the FRI and FRII sides. As a result, the conjecture that 
HYMORS indeed contain two different types of radio jets has 
gained strong support. 
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Appendix A 

Here we present notes on 16 sources selected from FIRST as 
possible candidates for HYMORS, observed at 4.9 GHz with 
the VLA and rejected based on the results of these observa- 
tions. The 4.9-GHz VLA images of these sources are shown in 
Fig. A.l along with their respective cutouts from FIRST. The 
positions of the optical counterparts, if available in SDSS/DR4, 
are marked with crosses in the 4.9-GHz VLA images. They are 
also listed in Table A. 1 . 

J101 1+328. No compact feature that might be labelled as 
a hotspot seen in the VLA 4.9-GHz image, so there is no clear 
case of the FRII part. This object is a member of a cluster. The 
SDSS object 587739157655453889 is a possible core of this 
radio source, so that it is a Wide-Angle Tail (WAT) source. 
Another SDSS object (587739157655453835) is also within 
the boundary of the radio image presented, and it is marked 
with x. J101 1+328 is possibly a fader. 

J1020+141. Although there is a hint in the VLA 4.9-GHz 
image that this could be a HYMORS, we label it as an FRI ra- 
dio galaxy with a distorted structure. This galaxy at a redshift 
z = 0.146 is a member of a cluster and has three close compan- 
ions. 

J1021+444. No FRI part is seen in the VLA 4.9-GHz im- 
age. 

J1025+277. No compact feature that might be labelled as 
a hotspot is seen in the VLA 4.9-GHz image so there is no 
clear case of the FRII part. There is a lack of visible jets and 
hotspots, and the radio core is weak (S core /S to t =0.052). We 
suggest this source could be the same type as a fading galaxy 
1855+37 shown bv lGiroletti et alJJ2005h . 

J1029+373. No compact feature that might be labelled as 
hotspot is seen in the VLA 4.9-GHz image so there is no clear 
case of the FRII part. As this source is core-dominated, it is 
likely to be restarted. 

J1030+299. The radio structure shows no indication of 
hotspots in the faint lobes or the radio core. This ob- 
ject resembles 1542+323. the f ading source presented by 
iKuner t-Bairasz ewska et all d2005l) . 

J1045+523. This source is a possible fader. 

J1048+153. We failed to make a good 4.9-GHz image. 
Nevertheless, based on the FIRST image alone, this source 
looks like a very good HYMORS candidate. 

J1125+374. As this source is core dominated, it is likely to 
be restarted. 

J1203+538. The core is weak (S core /S to t =0.067), and 
there is a lack of visible jets and hotspots. We suggest this 
source co uld be the same type as 1855+37, the fading galaxy 
shown bv lGiroletti et alJ J2005I) . 

J1207+483. No compact feature that might be labelled as 
a hotspot is seen in the VLA 4.9-GHz image, so although this 
source has a perfect northern FR I structure, there is no clear 
case of the FR II part. 

J1210+466. As this source is core-dominated, it is likely to 
be restarted. 

J1303+318. No compact feature that might be labelled as a 
hotspot is seen in the VLA 4.9-GHz image, so there is no clear 



Table A.l. Rejected HYMORS candidates with optical counter- 
parts in SDSS/DR4. Positions are those of the optical object. 



Source 


SDSS 


R.A. Dec. 


name 


objID 


(J2000) 



J1011+328 
J1020+141 
J 102 1+444 
J1029+373 
J1045+523 
Jl 125+374 
J1203+538 
J 1207+483 
J1210+466 
J1303+318 
J1324+376 
J1339+394 
J1351+309 



587739157655453889 
587735349636169918 
588017112629313672 
587738948284842142 
587733080269914893 
587739098595328059 
587733079201349782 
588297865268559953 
588297863121273573 
587739505547673753 
587739099142553704 
587738575145861682 
587739609709674629 



10 11 06.12 
10 19 32.33 
10 21 16.44 
10 28 30.52 

10 44 38.63 

11 24 38.16 

12 03 02.05 
12 06 56.81 

12 09 47.09 

13 03 17.11 
13 24 12.40 
13 39 08.54 
13 51 03.40 



32 48 17.2 
14 03 01.8 
44 25 48.1 
37 15 10.7 

52 15 37.4 
37 22 40.3 • 

53 49 18.7 
48 15 12.5 
46 37 05.1 
31 50 02.6 
37 33 33.8 
39 26 24.1 
30 54 04.2 



case of the FRII part. It is a member of the Abell 1667 cluster. 
As this source is core-dominated, it is likely to be restarted. 

J1324+376. In the 4.9-GHz VLA image, the radio struc- 
ture of this source consists of a core and diffuse lobes without 
hotspots, so that it is impossible to classify this source either as 
FR I or FR II. It is a member of the ZwCl 1 322.0+3750 cluster. 
J 1324+376 is a possible fader. 

J1339+394. FRII radio galaxy with a bright core. 

J1351+309. FRI radio galaxy belonging to the 
ZwCl 1348.7+3109 cluster. 
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. A.l. Sources rejected as HYMORS candidates. Left panels: FIRST maps. Right panels: 4.9 GHz VLA B-conf. maps from this study. 
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Fig. A.l. (continued) 
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Fig. A.l. (continued) 
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Fig. A.l. (continued) 
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Fig. A.l. (continued) 
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Fig. A.l. (continued) 



